ABSTRACT The objective of this study was to compare the emission of NH 3 from 3 types of broiler litters. Three litter materials (refused tea, RT; sawdust, SDT; and paddy husk, PH) were randomly assigned into 18 cages. Twenty-day-old broiler chicks (n = 216) were randomly allocated into cages and were fed a commercial broiler finisher diet from 21 to 42 d. Three litter samples were taken from each cage on 36 and 42 d. Three subsamples taken from each cage were pooled and analyzed for moisture, pH, and N. Litter samples were incubated for 5 h, and the emitted NH 3 was trapped with boric acid and then titrated with HCl to determine the NH 3 emissions. The emission of NH 3 from RT litter (13.2 mg/kg of litter per h) on d 36 was 61% less than that from SDT and PH. The NH 3 emission rate of RT litter on d 42 (13.0 mg/kg per h) was very similar to that on d 36 (13.2 mg/kg per h). However, emission rates of SDT and PH on d 36 increased by 57.8 and 33%, respectively, when determined on d 42. Emission of NH 3 from RT litter on d 42 (13.0 mg/ kg per h) was significantly (P < 0.05) less than that from SDT (54 mg/kg per h) and PH (44 mg/kg per h) litters. When the emission rate was computed as grams of NH 3 /hour/animal unit (AU), the emission rates of RT litter on d 36 (3.4 g/h per AU) and 42 (5.1 g/h per AU) were significantly (P < 0.05) less than that of SDT and PH. The N contents of the RT litter on 36 and 42 d were 6.6 and 6.7%, respectively, and were significantly (P < 0.001) greater than the respective values of SDT and PH. It was concluded that emission of NH 3 from poultry houses could be reduced substantially by using RT as a litter material.
INTRODUCTION
Ammonia emissions from broiler litter can not only cause environmental problems, but also be detrimental to the health, welfare, and performance of birds. High NH 3 concentrations in poultry houses reduce growth rate (Reece et al., 1979 (Reece et al., , 1981 Moore et al., 1999) , feed efficiency (Caveny and Quarles, 1978; Caveny et al., 1981) , and egg production (Deaton et al., 1984) . Health and welfare problems associated with high NH 3 concentrations in poultry houses include damage to the respiratory tract (Nagaraja et al., 1983) , increased susceptibility to Newcastle disease (Anderson et al., 1964) , incidence of airsacculitis (Oyetunde et al., 1976) , increased Mycoplasma gallisepticum (Sato et al., 1973) , and incidence of keratoconjunctivitis (Bullis et al., 1950) . Meanwhile, the volatilization of NH 3 into the atmosphere has become an important environmental issue. Ap Simon et al. (1987) reported that atmospheric NH 3 pollution plays an important role in acid rain and that the dominant source of ammonia in Europe is livestock waste. The effects of high NH 3 concentrations in poultry facilities on human health are also a concern (Moore et al., 1996) . Recommended ammonia concentration in broiler houses is 25 to 50 ppm (Miles et al., 2004) .
Ammonia is formed from the break down of nitrogenous wastes (undigested proteins and excretory uric acid) in poultry manure by microorganisms. Factors that directly control the NH 3 formation are pH, temperature, and moisture level of the litter (Elliott and Collins, 1982; Carr et al., 1990) . Various dietary manipulations are effective in reducing NH 3 emissions from poultry houses (Reece et al., 1979; Jacob et al., 1994; Poul et al., 1996; Ferguson et al., 1998) . Chemical litter amendments such as alum [Al 2 (SO 4 ) 3 -14H 2 O], PLT (sodium bisulfate, Johns-Hamilton Co, Walbridge, OH), and Poultry Guard (Greensboro, NC) have also been found to reduce the NH 3 emission and increase the performance of poultry (McWard and Taylor, 2000) .
Although Elwinger and Svensson (1996) stated that there was no difference in NH 3 emission related to the type of litter, Lien et al. (1998) found that the emission of NH 3 from wood shaving litter was significantly low compared with that from peanut hull litter. Duqueza (1996) reported that greater lignin contents in wood shavings reduced substrate for microbial growth and thereby the formation of ammonia. Paddy husk is the most popular poultry litter material in Sri Lanka. Recently, Atapattu and Wickramasinghe (2007) found that refused tea could successfully be used as an alternative litter material for broiler chickens. The objective of this study was to determine and compare the NH 3 emission rates of 3 types of broiler litters, namely refused tea (RT), paddy husk (PH), and sawdust (SDT).
MATERIALS AND METHODS
One-day-old broiler chicks were purchased from a local commercial hatchery. Chicks were brooded in an electric brooder for 2 wk. Chicks were fed with a commercial broiler starter diet until they were 20 d old. Eighteen cement-floor cages were randomly allocated into 3 litter types; RT, SDT, and PH so that each litter type had 6 replicate cages. All cages were in a single poultry house that had a 40-cm-high brick wall and wire mesh walls above it up to the galvanized sheeted roof. Depth of the litter was 12 cm. On d 20 chicks (n = 216) were individually weighed and randomly allocated into cages so that between cage weight variation was minimum. Avoiding the area around the feeder and drinker, 3 litter samples were taken from 3 randomly selected places of each cage on 36 and 42 d. Three subsamples taken from each cage were pooled and analyzed for moisture (105°C for 24 h), pH (as described by Brake et al., 1992), and N (AOAC, 1995) . Litter NH 3 emissions were determined as described by Moore et al. (1996) , with slight modifications. Two hundred fifty grams of fresh litter samples were weighed into conical flasks. Flasks were equipped with air inflow and outflows. The samples were incubated at 30°C for 5 h. Air was continuously passed through each flask, and NH 3 volatilized from litter samples in conical flask was trapped in 100 mL of 0.32 N H 3 BO 4 solutions. The trap was titrated with 0.1 N HCl to determine the NH 3 emission. The emission rate was computed as milligrams of NH 3 emitted/kilogram of fresh litter/hour and grams of NH 3 / animal unit (AU)/hour. Animal unit was defined as 500 kg of live weight (Coulfal et al., 2006) . Data were analyzed using GLM procedure of SAS Institute (1985) . Effects were considered significant when P < 0.05. Means were compared using Duncan's multiple range test.
RESULTS AND DISCUSSION
Effects of the type of litter material on litter pH, moisture, N, and NH 3 emission are shown in Table 1 . The emission of NH 3 /hour per AU from RT litter both on d 36 (P < 0.05) and 42 (P < 0.001) was significantly low compared with that from SDT and PH. It must be noted that the growth performance parameters such as live weights on d 36 and 42, weight gains, and feed conversion ratio of the broilers raised on 3 types of litters were not significantly different (data not shown). Comparison of NH 3 emission rates observed in this experiment with those reported in literature has to be done with care because in this experiment, broilers were reared on 3 litter types from 21 to 42 d, whereas in many experiments birds have been reared from d 1. In general, emission of NH 3 both from PH and SDT litter was greater than the emission rate reported by Lacey et al. (2003; 12. 8 g/h per AU). Interestingly, emissions of NH 3 from RT litter both on d 36 and 42 (3.4 and 5.1 g of NH 3 /h per AU, respectively) were less than the emission rates found by Lacey et al. (2003) but within the previously published values as reviewed by Lacey et al. (2003) , which ranged from 1.9 to 8.5 g of NH 3 /h per AU. The emission rates across the 3 litter types varied within a wide range from 3.4 g/AU per hour for RT on d 36 to 17 g/AU per hour for SDT on d 42. Bicudo et al. (2004) also found that NH 3 emission rates from broiler facilities varied as widely as by a factor of 50.
The comparison of NH 3 emission as milligrams per kilogram of fresh litter per hour also showed that RT litter emitted significantly less NH 3 compared with other 2 types of litters. Emission of NH 3 from RT litter on d 36 (13.2 mg/kg of litter per h) was 61% less than that from other 2 types of litters. Moreover, NH 3 emission from RT litter on d 42 was significantly (P < 0.05) less than that from other 2 types of litters. Though the emission of ammonia from SDT and PH was not significantly different on d 42, SDT litter had greater emissions. Emission of NH 3 from RT litter on d 42 was 24 and 29% less than the values of SDT and PH, respectively. When the emission is expressed the NH 3 per unit of AU, irrespective of the type of litter, NH 3 emission increased as the growing cycle progressed. Several studies (Elwinger and Svensson, 1996; Redwine et al., 2002) have also shown that ammonia emissions increased as the growing cycle progressed. Coufal et al. (2006) reported that volatilization of litter N as ammonia during the summer season was 82%, whereas it was reduced to 23% during the winter season. It is important to note that even under the high temperature conditions that prevailed during this experiment, the emission of NH 3 from RT litter was significantly low compared with that from the other 2 types of litters.
Irrespective of the method of expression, a significant reduction in NH 3 emission was reported when the litter material was RT. Confirming the results of this study, a subsequent study (U. D. Belpagodagamage and N. S. B. M. Atapattu, unpublished data) also showed a substantial (P = 0.08) NH 3 emission reduction from RT (3.6 g/h per AU) litter than from PH (7.8 g/h per AU) litter. The level of reduction in NH 3 emission achieved with RT litter was much greater than the NH 3 emis-sion reductions achieved with some litter treatments such as alum or phosphoric acid. For example, Moore et al. (1996) found that 65 g of alum or 20 g of phosphoric acid per kg of litter reduced the cumulative NH 3 emission by 22 and 18%, respectively. Meanwhile, Do et al. (2005) achieved much greater reduction in the NH 3 concentrations in litter and poultry house air by amending the litter with aluminum chloride (97% reduction) and ferrous sulfate (90% reduction). However, greater levels of chick mortality have been reported due to ferrous sulfate (Moore et al., 1995; Do et al., 2005) and aluminum chloride (Do et al., 2005) . Reductions of NH 3 emission achieved with RT litter on d 42 were comparable with the reductions reported by Do et al. (2005) when litter was treated with aluminum chloride with 50 g of CaCO 3 .
The mechanism(s) of NH 3 emission inhibition by RT is(are) not clear. Ammonia is formed from the microbial breakdown of nitrogenous waste products in poultry manure. Greater temperature, pH, and moisture levels of litter have found to increase the conversion of manure N in to NH 3 and subsequent volatilization (Elliott and Collins, 1982; Carr et al., 1990) . Because litter pH normally exceeds 8, Coufal et al. (2006) concluded that litter moisture and temperature were the 2 most important factors affecting the variability of NH 3 emissions in a poultry house. The pH levels of the 3 litters were not significantly different, and several other studies (Elliott and Collins, 1982; Anthony et al., 1994) have also shown that pH of the litter levels off at a value of 8.6. Carr et al. (1990) recommended 30% litter moisture level for minimum NH 3 emission. Though not significantly different between 3 types of litter, the moisture contents of the litters were much greater than the normal litter moisture levels, and that aspect needs to taken into account when comparing the results of this experiment with those reported in the literature.
However, it must also be noted that previous studies conducted under similar experimental condition (Atapattu and Wickramasinghe, 2007; Senaratna et al., 2008) also reported greater litter moisture levels. The use of a bell drinker and slow moisture evaporation from the litter due to high ambient relative humidity may be the reasons for greater litter moisture levels observed in this experiment. The effect of litter moisture level on NH 3 emission is inconclusive. Ammonia emission has been found to be positively (Elliott and Collins, 1982; Carr et al., 1990; Nahm, 2002) and negatively (Valentine, 1964; Ferguson et al., 1998 ) correlated with litter moisture content. Recently, Wang et al. (2006) found that at very high litter moisture levels (>33%), NH 3 emissions decreased. Litter temperature also affects uric acid break down rate and NH 3 volatilization from litter to air (Elliott and Collins, 1982) . In this experiment we did not measure the litter temperature. However, N. S. B. M. Atapattu and U. D. Belpagodagamage (unpublished data) recently found that temperatures of RT and PH litter from 21 to 42 d were not significantly different. Therefore, reduced NH 3 emission may not be attributed to lower litter temperature in RT litter as well.
We hypothesize that chemical properties of RT might have reduced the formation or the volatilization of NH 3 . A reduction in NH 3 emission due to the use of wood shaving has been reported by Lien et al. (1998) . They found that wood shavings litter significantly reduced both the litter and the poultry house environmental NH 3 concentrations, compared with peanut hull litter. Duqueza (1996) proposed that the presence of a greater concentration of lignin in wood shaving reduced the ability to use wood shaving as a substrate for microbial growth. The RT is also a fibrous material containing varying amounts of fiber, lignin, tannin, and a range of other chemicals present in tea leaves. The lignin content of SDT is normally greater than that of RT. Therefore, if greater lignin concentrations negatively affect NH 3 volatilization, the emission might have been less for SDT than for RT. Consequently, we assume that a chemical constituent(s) other than lignin negatively affect(s) the formation of NH 3 in the litter or the volatilization of NH 3 from the litter. Fernando and Roberts (1976) found that extracts of RT, Inknut, and Accacia containing natural polyphenols inhibited the urease activity of soil surfaces, thereby preventing the loss of nitrogen as NH 3. They found that inhibition of soil urease activity due to RT extract (66%) and solid RT (58%) was comparable with well known urease inhibitors such as catechol and mercuric chloride. The largest and most important chemical compounds of tea are polyphenols. Several authors (Ishihara et al., 2001; Bong et al., 2004) have also reported that polyphenols of tea contain antimicrobial properties. Therefore, we hypothesize that polyphenols present in RT inhibit microbial activity, urease activity, or both, thereby reducing the conversion of nitrogenous compounds present in litter into NH 3 . Moore et al. (1996) found that lesser rates of NH 3 volatilization resulted in greater amounts of N in the litters. Shreve et al. (1995) found that when used as a fertilizer for fescue, litter treated with alum to reduce NH 3 volatilization resulted in greater yield and greater N contents in forage. Throughout the experiment, the N content of RT litter was significantly greater than that of SDT and PH. Atapattu and Wikramasinghe (2007) have reported similar N contents for PH and RT litters on d 36 and 42. The N content of the PH litter was similar to that reported by Burgess et al. (1998) . Atapattu and Wickramasinghe (2007) found that the N content of RT (0.69%) was significantly greater than that of PH (0.37%). Therefore, it is difficult to ascertain whether greater N concentrations found in RT litter were due to its greater initial N content or due to lesser N losses as NH 3 . Results of this experiment conclude that the emission of NH 3 from broiler facilities could substantially be reduced by using RT as a litter material.
